Fibrinolytic Activity in Human Skin Following Epidermal Injury**From the Institute of Dermatology, St. John's Hospital for Diseases of the Skin, London, W.C.2.  by Turner, Robert H et al.
THE JOIJERAL OF INVESTIGATIVE DERMATOLOGY
Copyright 1969 by The Williams & Wilkios Co.
Vol. 53, No. 6
Printed in U.S.A.
FIBRINOLYTIC ACTIVITY IN HUMAN SKIN FOLLOWING
EPIDERMAL INJURY*
ROBERT H. TURNER, M.D$ AMAL K. KURBAN, M.D.t
AND TERENCE J. RYAN, M.R.C.P.
ABSTRACT
Fibrinolysis autography on human skin was studied after controlled epidermal injury
by cellophane tape stripping. Fibrinolytie activity in normal skin is maximal around
blood vessels in the lower and mid-dermis, minimal around the subpapillary plexus
and rare around the papillary capillaries. Six hours after stripping, less superficial
activity is seen and by 24 hours there is little or no activity in the upper dermis. By 12
days the pattern returns to normal. It is suggested that this decreased activity could
be due to a release of inhibitors by the injured epidermis.
A general pattern of fibrinolytie activity in
normal human skin has recently been demon-
strated by a hist,oehemieal technique (1). As in
other tissues, plasminogen activators are found
in association with blood vessels. Most dermal
vessels produce good lysis of fibrin. Papillary
capillaries are, however, rarely fibrinolytieally
active.
A number of investigators have suggested
-that the fibrinolytie system may play a role in
inflammation (2, 3, 4). Few studies have been
done on skin, but Haustein (5) has reported
abnormally low amounts of activator extract-
able from biopsies of various skin disorders.
Also Hatano et al. (6) have reported an in-
hibitor of fibrinolysis in saline extracts of
biopsies from patients with chronic eczema,
pityriasis rosea, psoriasis, experimental der-
matitis and erythema multiforme. Fibrinolysis
autography studies of pathologic skin have not
been reported.
As a model we have studied the response to
cellophane tape stripping of skin. This method
is well established as a form of controlled
epidermal injury (7, 5). It not only results in
epidermal changes, but also in superficial
vascular responses (9). It was anticipated that
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a change in the normal pattern of fibrinolytic
activity might be produced in this manner.
MA'rEaIALs AND METHODs
Skin of the upper thighs of four healthy young
men was stripped with cellophane tape until a
glistening surface was produced. Punch biopsies
were taken under local anaesthesia (1% xyloeaine)
at varying intervals (15 minutes, 1 hour, 6 hours,
24 hours, 48 hours, 96 hours and 12 days). Biopsies
of normal skin from the contralateral thighs served
as controls.
The specimens were frozen and stored at —20° C
until needed. Then eryostat sections, 8 i thick,
were prepared on eoverslips. From each biopsy,
three or more preparations were made with 3—6
sections per coverslip.
Fibrinolysis autographs were made with minor
modifications of Todd's technique (10). The ap-
paratus consists of a sheet of plate glass measuring
60 cm x 45 cm with three levelling screws and a
Perspex frame with a central aperture measuring
16 cm x 6 cm. The frame is laid on the leveled
plate glass to form a trough. Wettable cellophane
moistened with Michaelis veronal buffer (pH 7.4)
is laid in the trough and smoothed on to the plate
glass with a bent glass rod. A clotting mixture,
prepared by the addition of 0.1 ml bovine throm-
binll (25 units/ml in veronal buffer pH 7.4) to 3.5
ml. bovine flbrinogen9J solution (2.0%) in veronal
buffer (pH 7.4), is quickly poured into the cello-
phane-lined trough and distributed evenly with
the glass rod. It is then left at room temperature
for 30 minutes for clot stabilization. The film thus
produced is cut with its underlying cellophane and
placed over the cryostat tissue sections on cover-
slips. The coverslips are then placed in a humid
458
§ PT.400, from British Cellophane Ltd.
ii Bovine Topical Thrombin, from Parke, Davis
& Co.
¶ Bovine Fibrinogen, Fraction I from Armour
Pharmaceutical Co. Ltd.
ft :.
 kb
:. 
a
' 
FIBRINOLYSIS IN INJURED SKIN 459
chamber and refrigerated at 40 C for 18 hours and
then incubated at 370 C for 15 minutes.
They are then fixed in 10% formalin. After one
hour the cellophane is removed and fixation is con-
tinued for 12—18 hours. After fixation the specimens
are rinsed with tap water, stained for 5 minutes in
Lematoxylin (without acetic acid) and differenti-
ated in tap water until no further stain can be re-
moved. They are then air-dried and mounted on
slides for microscopy. Zones of lysis appear as pale
to clear areas in the stained fibrin film. Control
autographs were made aa follows: 1. Without
tissue sections. 2. With plasminogen-free fibrin
(prepared by heating the fibrinogen for 30 minutes
at 80° C according to the method of Lassen (11))
and 3. With the incorporation of the activator-
inhibitor epsilon-aminocaproie acid (EACA) in the
film, in a final concentration of S X 10-3M/1'.
RESULTS
No lysia occurred in control autographs.
The pattern of lysis in preparations of nor-
mal skin is shown in Figure 1. Blood vessels in
the lower and mid-dermis had marked activity
and vessels in the sub-papillary plexus had less
but definite activity. The papillary capillaries
were rarely associated with lysis and the epi-
dermis was not active.
This general pattern was also seen in biop-
sies taken 15 minutes and one hour after
stripping. Slightly less superficial activity was
found in biopsies taken 6 hours after strip-
ping. Preparations of biopsies taken at 24, 48
and 96 hours demonstrated a consistent
change, viz., little or no lysis around vessels in
the upper dermis. An example of the pattern
seen at 48 hours is shown in Figure 2. Auto-
graphs of a biopsy taken 12 days after strip-
ping were similar to those of normal akin.
DIsCUSSION
Fibrinolysis is accomplished by the activa-
tion of plasminogen to plasmin which then
digests fibrin. A simplified scheme of the reac-
tion is shown in Figure 3. Plasminogen, a
The. 1. Fibrinolyais autograph of normal human skin. General pattern of activity.
Ilematoxylin X 76.
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Fm. 2. Fibrinolysis autograph of human skin 48 hours after cellophane tape stripping.
Note the absence of activity around capillaries in the upper dermis compared to Fig. 1.
Hematoxylin>< 76.
PLASMINOGEN beta-globulin present in the plasma and body
fluids, can be activated by a number of sub-
stances. Physiologic activators are found in
I small amounts in the euglobulin fraction of
ACTIVATORS plasma and in large amounts at sites of release
in tissues (2, 13). Plasmin is an enzyme Ca-
pable of digesting fibrin as well as other proteins.
Anti-activators The fibrinolytic system can be inhibited by
either anti-activators or anti-plasmins (12).
The autography technique used in this study
PLASMIN provides a method for precise localization of
plasminogen activators in tissues. The bovine
fibrinogen from which the fibrin films are
made, contains plasminogen. Activators in the
- — — Anti-plasmins tissue would thus convert plasminogen to
plasmin which then lyses the fibrin film at its
site of formation. When plasminogen-free
FIBRIN , Soluble fibrin (11) or the activator-inhibitor EACA
Polypeptides are used (12), no lysis occurs. This rules out
direct plasmin activity and non-specific pro-FIG. 3. Sirnphfied schematic representation of
the fibrinolytic system, tease effects.
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Several workers have localized tissue activa-
tors to blood vessels, specifically to endothelial
cells (2, 10, 14, 15). Our findings of lytic ac-
tivity around blood vessels is in accordance
with those of other investigators.
Cellophane tape stripping of skin resulted in
a decrease or loss of fibrinolytic activity nor-
mally found around vessels in the upper der-
mis. This change could be the result of a de-
crease in plasminogen activators or an increase
in inhibitors. Reports of decrease in activator
activity in tissues have been few and, in gen-
eral, such a decrease appears to be the result
of scar formation and decreased vascularity
(16). An increase in local inhibitors could re-
sult in the loss of superficial fibrinolytic activ-
ity. Exudation reaches a peak between 6 and
24 hours (9) and a histological perivascular
mononuclear cell infiltrate is prominent at 48
hours (17). One could postulate that this
exudate could contribute inhibitors of fibrinol-
ysis. Inhibitors have been found in granulo-
cytes (18) but to date not in lymphocytes.
Thus any inhibitory action by the exudate
would not be related to the leukocytes.
Recent experiments in our laboratory have
suggested the presence of a fibrinolysis inhibitor
in normal human epidermis. Homogenates of
epidermis (roofs of suction blisters) inhibited
urokinase lysis of fibrin films (19). Dynamic
changes occur in the epidermis following
stripping and it is feasible that the injured epi-
dermis could release such an inhibitor. This
could possibly explain the loss of fibrinolytic
activity described in this study.
The fibrin scaffold laid down in wound heal-
ing must subsequently be removed so that nor-
mal conditions can be re-established (16). This
removal is accomplished, at least in part,
through fibrinolysis. It has been suggested that
small amounts of fibrin are continually de-
posited in tissues in response to minute injuries
and that local fibrinolytic enzymes aid in their
removal (20). Such events could possibly occur
following epidermal injury and inhibition of
fibrinolysis early in the process of healing
would be expected.
It is apparent that our knowledge of local
fibrinolysis in skin remains limited. The fibrino-
lytie system is extremely complex and is by no
means fully understood. Numerous factors may
influence reactions not only in the blood but
also locally in tissues. Nevertheless, further in-
vestigations related to this system may provide
information pertinent to the understanding of
cutaneous patho-physiology.
As our model involved a process which in-
cludes epidermal alterations and inflammation,
dermatoses with similar pathology could pos-
sibly be associated with similar changes in
fibrinolytic activity. The findings of Haustein
(5) and of Hatano et al. (6) support this sug-
gestion.
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ADDENDUM
Since this manuscript was submitted Haustein has published observations on
diseased skin which he interprets as revealing fibrinolytic activity of epidermal
cells.* Our studies of injured skin and further studies using ultra violet ir-
radiation suggest that epidermal cells inhibit fibrinolysis. Possibly both views
may be correct, but to date fibrinolytic activity of epithelial cells has been seen
only in pathology in which contamination by serum and excess tissue fluid
coexists.
* Haustein U. F.: Die Lokalisation des Cewebsaktivators der Fibrinolyse bei Dermatosen.
Arch. Khn. Exp. Derm., 234: 182, 1969.
